INTRODUCTION
Direct sequencing of the coding regions of the putative candidate genes was performed on the 3500
Genetic Analyzers (Applied Biosystems, Foster City, CA, USA). DNA of the sheep was kindly provided by Istituto Zooprofilattico del Lazio e della Toscana, Viterbo, Italy. In a first step, DNA of 10 individuals, 5 serologically positive and 5 negative was amplified at each 1 2 3 amplicon, under the assumption that this number was sufficient to detect the presence of further SNPs. Once the novel SNP had been detected, direct sequencing of the amplicon was performed on linkage disequilibrium measures, for both the anonymous markers and the novel detected 1 2 7 polymorphisms, were estimated using the Allele Procedure in SAS (SAS Inst.Inc., Cary, NC).
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Because all the sheep assessed for paratuberculosis diagnose belonged to the Sarda breed, to verify whether LD between the novel detected SNPs and the Ovine Bead chip anonymous markers were Comisana -were directly sequenced at the amplicons encompassing the coding regions of the 1 3 2 putative candidate genes. These breeds and individuals were chosen because their DNA was Ovine 54K Bead chip were also available, thanks to a previous biodiversity project (Ciani et al. The Ovine 50K BeadChip contained 4 markers ( gene is composed of 3 exons (Fig. 1 ) the two markers with significant difference in allele mutations influencing the target trait be located either in the first part, or in the 3'UTR of the gene, regions; the second amplicon, 580 bp, including exon 3 and the whole 3' UTR region (Table 2) .
Direct sequencing of the amplicons of Table 2 allowed the detection of one missense mutation in
exon 2 (XM_004003899.1; g.97 G>C) producing the aa change from Glu to Gln (Table 4) .
Moreover, five more mutations were detected in the amplicon encoding exon 3 and the 3' UTR 1 5 3 region, one of them was a missense mutation (XM_004003899.1; g.107 G>A) producing the aa change from Gly to Glu. Allele frequency was reported in Table 4 . The novel detected SNP in exon 2 and the marker in intron 1 (OAR1_278884883.1) showed no LD between each other (.05; Table 5 ).
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For the novel detected SNPs in the 3' UTR, LD between pair of SNPs was calculated for the 1 5 8 markers with minimum allele frequency (MAF) higher that .10 and reported in Table 5 ; LD was 1 5 9 week (r < .45) for all markers, and significant only in few cases. Allele frequency at this mutation was .25 in the positive and .54 in the negative sheep (Table 6 ). To verify whether LD between marker OAR8_270360.1 and the novel detected mutation were 1 8 4 maintained also in different sheep populations, the amplicon encoding the Glu/Arg mutation was use of this marker, as a marker natural immunity, for any individual which was being genotyped for 1 8 9 different purposes -genomic selection or biodiversity studies -with no need to direct sequencing 1 9 0 the missense mutation. Table 6 reports the frequency of the novel detected mutation in exon 2 of the CD109 gene for the Comisana and Altamurana, making evident the different frequencies of the G allele. The two breeds 1 9 3 had also opposite allele frequencies at marker OAR8_270360.1 (Table 6 ). As in the Sarda breed, LD between marker and missense mutation was maintained also in the Comisana and Altamurana The present study had been formulated under the assumption that anonymous markers previously 1 9 9 associated with disease resistance were in LD with missense mutations in the genes located in 2 0 0 proximity of the markers, so to corroborate the influence of the gene on the target trait. In the 2 0 1 present study, two putative genes were scanned: PCP4 and CD109. The analysis of the PCP4 gene 2 0 2 allowed the detection of a missense mutation in exon 3 and four more SNPs, in the 3' UTR region; Italian sheep diversity reveals a strong geographic pattern and cryptic relationships between breeds. 
